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This experiment assessed the influence of internal (movement) or external (outcome) attentional focusing instructions on force production and muscular activity at different movement speeds.  Twenty five participants completed ten reps of single arm elbow flexions on an isokinetic dynamometer at speeds of 60o·s-1, 180o·s-1  and 300o·s-1 under three conditions (control trial, followed by counterbalanced internal and external focus trials).  EMG activity of the biceps brachii and net joint elbow flexor torque were measured.  An external focus was associated with significantly lower EMG at all speeds when compared to an internal focus.  However, an external focus resulted in greater torque production only at 60 o·s-1 when compared to an internal focus.  These findings suggest that movement speed may influence the efficacy of different attentional focusing instructions, with implications for the instruction of movements in sport, exercise and rehabilitation settings.
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Speed dependant influence of attentional focusing instructions on force production and muscular activity during isokinetic elbow flexions. 
1.	 Introduction
The use of verbal instruction and encouragement is generic to sports performance, exercise and rehabilitation.  The specific emphasis of such instructions has been shown to have a significant impact on movement quality by influencing an individual’s attentional focus (see Wulf, 2007).  Instructions can direct attention either internally towards the actual bodily movements being produced during a movement (e.g. arms and hands during basketball free-throwing technique), or externally towards an outcome or the effects of the movement being produced (e.g. the hoop or backboard in basketball).
An external focus has been shown to benefit both the performance and learning of a wide variety of skills such as standing and dynamic balance (e.g., McNevin, Shea, & Wulf, 2003; Wulf, 2008), golf (Bell & Hardy, 2009; Wulf, Lauterback, & Toole, 1999), volleyball and soccer kicks (Wulf, McConnel, Gartner, & Schwarz, 2002) and dart throwing (Marchant, Clough, & Crawshaw, 2007; Marchant, Clough, Crawshaw, & Levy, 2009; Radlo et al., 2002).  As a proposed explanation for these effects, the constrained action hypothesis (McNevin et al., 2003; Wulf, McNevin, & Shea, 2001) suggests that an internal focus induces conscious control of movement, increasing noise in the motor system (Zachry, Wulf, Mercer, & Bezodis, 2005) and disrupting automatic control processes.  Supporting this, the data from studies to date suggest that such explicit attention to bodily movements results in less efficient movement outcomes (e.g., accuracy) and associated moment characteristics (e.g., muscular activation).  An external focus is considered to enable unconscious or automatic processes to control the movement allowing more efficient movement execution.  Evidence for this has been demonstrated in reduced attentional-capacity demands of tasks (e.g., Wulf, McNevin, & Shea, 2001) and recued muscular activation (e.g., Vance et al., 2004) when an external rather than an internal focus is emphasised through verbal instruction.
A growing body of research has assessed the influence of attentional focusing instructions on force production tasks (for a review see Marchant, 2011).  In a series of studies assessing force production using a vertical jump-and-reach test, Wulf and colleagues (Wulf & Dufek, 2009; Wulf, Dufek, Lozano, & Pettigrew, 2010; Wulf, Zachry, Granados, & Dufek, 2007) found that externally focused instructions resulted in greater jump-and-reach height when compared to internal instructions.  Similarly, Porter, Nolan, Ostrowski, and Wulf et al. (2010) demonstrated beneficial effects of externally focused instructions on standing long-jump performance.  In a more constrained dynamometry task Marchant, Greig, and Scott (2009) reported that externally focused instructions resulted in significantly greater net joint torque during maximal isokinetic elbow flexions at 60º∙s-1. 
Not all tasks require the expression of maximal force, and efficient intra- and inter-muscular coordination has also been suggested to be sensitive to instruction (Sahaly, Vandewalle, Driss, & Monod, 2001).  Attentional focusing instructions have also been shown to influence the ability to accurately generate targeted submaximal forces.  Lohse, Sherwood, and Healy (2010) showed that participants were more accurate in producing 30% of their maximum force when instructed externally (focusing on pushing against the force platform during an isometric plantar flexion task) than when instructed internally (focusing on their calf muscles). Freedman et al. (2007) found that externally focused instructions benefitted accuracy during submaximal hand and tongue impulse force control tasks when compared to internal instructions.  
The evidence suggests that attentional direction is a critical quality for instructing force production tasks.  Ives and Shelley (2003) suggested that the manipulation of attentional focus is critical for effective strength and power training through its direct influence on movement quality and therefore subsequent adaptations.  Furthermore, Marchant (2011) recommends research addresses how attentional focusing instructions interact with task and individual variables within force production settings.  One such factor that has yet to be addressed is speed of movement execution.  Ives and Shelley refer to both strength and power training efficacy, and speed of movement is a key variable to manipulate in distinguishing between the performance objective, i.e. strength or power.  Although not directly addressed, an external attentional focus has been shown to produce faster movement across a range of tasks. For example, during walking rehabilitation in persons with Parkinson’s disease (Canning, 2005), bicep curl exercises (Vance et al., 2004), an agility “L” run (Porter et al., 2010), when riding a foot-driven wheeled Pedalo (Totsika & Wulf, 2003), during functional reach tasks in persons after stroke (Fasoli, Trombly, Tickle-Degnen, & Verfaellie, 2002).  Lohse (2012) also demonstrated reduced pre-movement times in an isometric plantar flexion submaximal force production task, representing more efficient motor planning. 
Within exercise and health settings, movement velocity is a critical consideration given the force-velocity relationship of contractile muscle.  Training-induced adaptations are specific to the velocity of training (Behm & Sale, 1993), and thus movements are often prescribed and executed at varying speeds depending upon the intended adaptation.  For example, for developing explosive strength, training with the intention to move at high speed has been shown to be superior to training with slow, controlled movements (Kawamori & Newton, 2006).  Sakamoto and Sinclair (2006) found that at higher lifting velocity, the number of bench press repetitions of standardised loads increased.  Therefore, as a key component of forceful movement execution, movement speed should be considered for its potential interaction with attentional focusing instructions.  Whilst Vance et al. (2004) found that movement speed increased during externally focused elbow flexions, Marchant et al. (2009) controlled elbow flexion movement to a specific speed using isokinetic dynamometry.  Externally focused (movement of the bar of the crank arm) instructions resulted in significantly greater net joint torque but significantly lower muscular activity of the biceps than internally focused (onto the movements of the arm and muscles) instructions.  The observed elevated muscular activity in the internal condition did not transfer to the movement output, indicating reduced efficiency in muscular activation.  However, only a single and relatively slow movement speed was used.  
Therefore the aim of the present study is to investigate the impact of movement speed on the effectiveness of different attentional focus instructions during a force production task.  One might hypothesise that faster movement speeds may be associated with lower cognitive demands due to their rapid execution, offering little opportunity for cognitive intervention.  When a movement is not sufficiently challenging and there is little opportunity or need for conscious control, the influence of different attentional focuses may be limited (Wulf et al., 2007).  The present study develops the protocol used by Marchant et al. (2009) to examine whether the benefits of externally focused instructions for maximal force production are speed dependant.  Given the consistent findings discussed so far, it was hypothesised that an external focus will benefit force production at all movement speeds.
2.	 Method
2.1  Participants
Twenty-five healthy and physically active undergraduate students (Male 17, Female 8) with mean age of 23.53 (± 1.76) years volunteered to take part in the study.  Participants were naïve to the purpose of the study but had experience of the exercise task as recreational exercisers.  However, participants were not specifically engaged in strength training over a minimum of 3 years prior to testing.  The institutional ethics committee approved the project, and informed consent was obtained prior to study commencing.  Participants were instructed to continue their normal diet and physical activity patterns prior to participation, but to refrain from strenuous exercise and the consumption of caffeine or alcohol in the 24 hours preceding the testing session.
2.2  Measures 
2.2.1  Isokinetic dynamometry:  The functional task used in the present study required participants to complete unilateral isokinetic contractions of the dominant arm (defined as preferred throwing arm) elbow flexors in concentric mode on a Biodex (System 3, Biodex Medical Systems, New York) isokinetic dynamometer (pre-calibrated according to manufacturer’s guidelines).  Participants were instructed to exert maximal effort throughout the entire range of movement during ten repetitions of isokinetic concentric elbow flexions at 60o·s-1, 180o·s-1 and 300o·s-1.  The range of movement was standardised to the participant-specific full range of elbow flexion, with the dynamometer lever arm crank axis aligned with the elbow joint axis of rotation.  The length of the lever arm was adjusted for comfortable grip, and restraints were applied across the test arm (proximal to the elbow joint so as not to restrict movement) and across the chest to minimise contribution of additional musculature.
2.2.2  Electromyography: Telemetric electromyographical activity was obtained (Noraxon, Arizona, USA) for the biceps brachii of the test arm.  After site preparation a pair of disposable bi-polar silver-silver chloride passive surface electrodes (Medicotest, Denmark) was placed on the visual midpoint of the contracted muscle belly of the biceps brachii, orientated parallel to the direction of the muscle fibre alignment, with a separation of 8mm between the electrodes.  A third, reference electrode was placed on the (inactive and bony) lateral epicondyle of the elbow.  The pre-amplified electrode leads were connected to an 8-channel transmitter unit (Noraxon Telemyo 2400T) adjacent, but not connected to the participant.  To avoid inter-experimenter variations, the same experienced researcher applied the electrodes to all participants.  The active EMG signal was pre-amplified (gain 500) and subjected to a 10-1000 Hz band-pass filter.  A sampling frequency of 1500 Hz was used to collect the EMG signal, with data collection manually initiated prior to the first repetition and terminated following the final repetition.  The passive and stationary period immediately preceding the exercise period over which EMG was to be analysed was used to determine a threshold value to quantify muscle inactivity.  This participant-specific off-set value was accounted for in all subsequent analyses of the EMG data to eliminate noise artefacts.  
2.3  Design and Procedures
All data collection was carried out within a sport and exercise science laboratory.  Participants completed three familiarisation sessions on the isokinetic dynamometer prior to testing, during which no consideration was given to varying attentional focus instructions.  During this session, participants were familiarised with the maximum isokinetic contraction procedure, movement speeds, task and equipment.  Subsequently, on a single test day, and following a standardised warm-up, participants completed trials at speeds of 60o·s-1, 180o·s-1  and 300 o·s-1, performed in this standardised order.  These movement speeds were chosen to represent slow, medium and fast execution speeds, all of which participants reported being comfortable with during pilot testing.  All trials were conducted over a 100º range of motion. For each test speed, participants first completed a control trial where no specific attentional instruction was given.  Following the control condition, participants then completed counter-balanced internal and external attentional instruction trials.  To avoid fatiguing effects, participants rested for 5 minutes between each 10 repetition trial.  During the task, participants completed a passive elbow extension phase at 60o·s-1 between maximal elbow flexion repetitions.  Prior to the beginning of each attentional trial, participants were given their allocated instructions verbally and in writing by the same researcher.  It was stressed that participants should attempt to use these instructions throughout the trial.  Visual feedback from the dynamometer was not provided,  no additional verbal encouragement was provided and the researcher was the only individual present with the participant during all trials to control for the influence of social factors (Rhea, Landers, Alvar, & Arent, 2003).
Participants were instructed to produce maximal force throughout the full range of elbow flexion whilst using the instructions provided.  For the internal focus trials, participants were instructed to “focus upon the movement of your arm and muscles during the lift”; for the external focus trials participants were instructed to “focus upon the movement of the crank hand-bar during the lift”.  Participants were also directed to not specifically look at the hand-bar or their arm during movements, rather they should look straight ahead and concentrate on mentally focusing upon the emphasis of the instructions that they had been given (Vance et al., 2004).  This avoids the potential confounding influence of visual attention (Wulf, 2007).  Order of attentional focusing conditions within each movement speed condition was counterbalanced between participants.
2.4  Data Analysis
Gravity-corrected net joint torque of the elbow flexors was considered for the concentric elbow flexion (Biodex Advantage software) at each test speed.  Figure 1 shows an example of the isokinetic profile, with the dynamometer crank arm angle and angular velocity time histories displayed.  The isokinetic phase is highlighted for one repetition where the crank angular velocity is constant at the test speed.  In Figure 1 the associated torque data is also displayed, with all subsequent analysis applied only to the isokinetic phase of each repetition.  Peak torque (Tpk) during this constant velocity phase was calculated for each repetition.  The mean torque over the ten repetitions was quantified for each of the three test conditions, and at each of the three speeds.  Similarly, the integral of the torque-time curve (iT) was quantified as the area under the torque-time curve for each repetition, and an average value calculated over the ten repetitions for each focus strategy and each speed.  
** Insert Figure 1 near here **
Data processing of the EMG signal was conducted using Noraxon software (MyoResearch XP Master), with raw data Butterworth low-pass (300Hz) and high-pass (10 Hz) filtered.  Figure 2 shows sample data at each test speed for the processed EMG signal along with the associated joint torque data (with the elbow flexion phase removed for clarity).  In line with the analysis of the torque data, the average peak EMG (EMGpk) value was obtained over the ten repetitions.  Integrated EMG (iEMG), representing the area under the EMG time-history curve, was also calculated as an average over the ten repetitions.  The test-retest reliability of peak torque and iEMG were determined during familiarisation trials.  The intraclass correlation coefficients for pk Torque were >0.90 representing excellent reliability, and for iEMG >0.75 representing good reliability based on the classifications of (Portney & Watkins, 1993).  
** Insert Figure 2 near here **
Burden and Bartlett (1999) advocated the use of isokinetic rather than isometric data for the normalisation of maximum muscular activation capacity.  The experimental design used in the present study comprised a control (no instruction) condition and two focus conditions, each requiring maximum effort and therefore indicative of a maximum voluntary contraction.  The Torque (Tpk, iT) and EMG (EMGpk, iEMG) data collected during the control trial was used to provide a baseline value against which to evaluate the influence of Internal and External instruction.  In the subsequent analyses, the data collected in Internal and External focus conditions is expressed relative to the baseline control data.  A baseline (100%) value in the control condition was established for each movement speed.  Results are presented as the mean ± standard error of the mean, with units of %C expressing the influence of focus instruction relative to the control condition.  Dependent measures relating to both the isokinetic (Tpk, iT) and electromyographical (EMGpk, iEMG) data were analysed using 3 (Isokinetic test speed) x 2 (Attentional Focus Instruction Type) repeated measures ANOVA.  Partial eta squared (ηp2) is provided as a measure of effect size for main effects. 
3.	 Results
3.1  Peak EMG
A significant main effect of Focus (F(1,24) = 4.51, p = 0.04, ηp2 = 0.16) for EMGpk indicated higher peak EMG with Internal instruction than with External instruction at 60o·s-1 (Int=155.23±22.54%C; Ext=134.43±16.83%C), 180o·s-1 (Int=133.49±19.02%C; Ext=105.30±11.21%C), and 300o·s-1 (Int=121.58±16.35%C; Ext=94.82±9.28%C) as shown in Figure 3.
** Insert Figure 3 near here **

Greenhouse-Geisser corrections were used for the main effect of Speed due to Mauchley’s test of Sphericity reaching significance (p < 0.05).  A significant main effect of Speed was observed (F(1.13, 27.05) = 12.97, p = 0.001, ηp2= 0.35), highlighted in Figure 3.  Peak Mean EMG at 60o·s-1 (144.83±19.25 %C) was significantly higher than at 180o·s-1  (119.40±14.00 %C), which was significantly higher than at 300o·s-1  (108.20±11.63 %C), which were themselves significantly different.  No significant focus X speed interaction identified (F(2, 48) = 0.93, p = 0.40, ηp2 = 0.04). 
3.2  iEMG
Similarly, a significant main effect of focus (F(1,24) = 6.03, p = 0.02, ηp2 = 0.20) highlighted higher iEMG under Internal instruction than under External instruction at 60o·s-1 (Int=154.99±19.44 %C; Ext=127.55±12.24 %C), 180o·s-1 (Int=62.89±8.06 %C; Ext=49.98±5.44 %C), and 300o·s-1 (Int=49.24±6.18 %C; Ext=36.62±4.08 %C) as shown in Figure 4. 
** Insert Figure 4 near here **

Greenhouse-Geisser corrections were used for the main effect of Speed due to Mauchley’s test of Sphericity reaching significance (p < 0.05).  A significant main effect of Speed was observed (F(1.02, 24.47) = 78.68, p = 0.001, ηp2 = 0.77), as seen in Figure 4.  Integrated EMG at 60o·s-1 (141.27±14.89 %C) was significantly higher than at 180o·s-1 (56.43±6.37 %C) and at 300o·s-1 (42.93±4.82 %C), which were themselves significantly different.  Using Greenhouse-Geisser corrections, no significant focus X speed interaction was identified (F(1.04, 25.04) = 2.52, p = 0.12, ηp2 = 0.10). 

3.3  Peak Torque
No significant main effect of focus (F(1,25) = 3.07, p = 0.09, ηp2 = 0.11) on peak torque was identified.  Greenhouse-Geisser corrections were used for the main effect of Speed due to Mauchley’s test of Sphericity reaching significance (p < 0.05).  A significant main effect of speed was observed, (F(1.51, 37.66) = 22.48, p = 0.001, ηp2 = 0.47).  Least Significant Difference (LSD) Post Hoc analysis indicated that peak torque was significantly (p < 0.05) greater at 60o·s-1  (98.57±1.99 %C) than at 180o·s-1  (85.18±2.01 %C) and 300o·s-1  (83.94±3.22 %C), which were themselves not significantly different (p > 0.05).  A significant instruction type X speed interaction was identified (F(2, 50) = 3.90, p = 0.03, ηp2 = 0.14).  Inspection of Figure 5 suggests that the interaction is likely to have resulted from differences between internal and external focus instruction at 60 o·s-1 and with no such difference at 180o·s-1  and 300o·s-1.  Simple main effects analysis indicated significantly greater peak torque at 60 o·s-1 using external instructions (101.69±12.07 %C) when compared to the internal instructions (95.45±10.22 %C), (F(1,25) = 9.61, p = 0.005, ηp2 = 0.28).  No significant differences were observed for peak torque between internal (85.00±13.23 %C) and external (85.35±9.91%C) instruction at 180o·s-1  (F(1,25) = 0.03, p = 0.88, ηp2 = 0.001), nor between internal (83.01±17.02 %C) and external (84.88±17.19 %C) instructions at 300o·s-1  (F(1,25) = 0.97, p = 0.33, ηp2 = 0.04).

** Insert Figure 5 near here **

3.4  Integrated torque
No significant main effect of focus (F(1,25) = 0.67, p = 0.42, ηp2 = 0.03) was found for iT.  Greenhouse-Geisser corrections were used for the main effect of Speed and the Speed X Focus Type interaction due to Mauchley’s test of Sphericity reaching significance (p < 0.05).  A significant main effect of speed was observed, (F(1.25, 31.34) = 79.09, p = 0.001, ηp2 = 0.76).  LSD analysis indicated that iT was significantly greater at 60o·s-1 (96.50±2.57 %C) than at 180o·s-1 (73.15±2.55 %C) and 300o·s-1 (62.81±2.73 %C), which were themselves significantly different (p < 0.05).  A significant focus X speed interaction was identified (F(1.43, 35.84) = 6.75, p = 0.003, ηp2 = 0.21), see Figure 6.  Simple main effects analysis indicated significantly greater area under the Torque-time curve at 60 o·s-1 using external instructions (99.28±14.48 %C) when compared to the internal instructions (93.71±13.30 %C), (F(1,25) = 8.65, p = 0.007, ηp2 = 0.26).  No significant differences were observed for iT between internal (73.58±14.66 %C) and external (72.72±13.76%C) instruction at 180o·s-1 (F(1,25) = 0.14, p = 0.71, ηp2 = 0.01), nor between internal (63.30±14.36 %C) and external (62.32±14.54 %C) instructions at 300o·s-1 (F(1,25) = 0.41, p = 0.53, ηp2 = 0.02).

** Insert Figure 6 near here **
4.	 Discussion
Despite previous research demonstrating the role of attentional focusing instructions in movement execution, this is the first study to address the interaction of movement speed and focus of attention during a force production task.  Based on previous research, it was hypothesised that externally focused instructions would result in improved performance and reduced muscular activity under all speeds.  This view was only partially supported.  The results confirm the hypothesis that internally focused instructions would result in greater neuromuscular activation, but only partially supports the hypothesis that externally focused instructions would benefit force production.
For the observed muscular activity during elbow flexions, internally focused instructions were associated with greater muscular activity (both integrated and peak EMG) at each movement speed (60o·s-1, 180o·s-1 and 300o·s-1), when compared to an external focus of attention.  However, although all participants were instructed to produce maximal force during all task repetitions, only at the slowest speed did directing attention towards the bar being lifted (external focus) result in significantly greater force production (both integrated and peak torque) when compared to focusing on the movements of the arm (internal focus), which is consistent with previous research (Marchant et al., 2009; Wulf et al., 2010).  In this case, internally focused instructions have produced greater muscular activity which has not been effectively transferred to efficient maximal force production, instead they have presented as “noise” in the motor system.  At this speed, the proposal of Vance et al. (2004) that focusing externally onto the object through which force is being exerted is beneficial to effective force generation has been supported.  At faster speeds the relationship is different.  There were no differences between the attentional focus instruction types on force production at both of the faster speeds (180o·s-1 and 300o·s-1).  At these speeds the movement outcome (e.g., force generated) has not been influenced by the instruction type that was provided, suggesting that the findings of previous research may not be generally applicable to faster movement speeds. 
Further analysis of the movement data enables the duration of joint flexion, and therefore muscle activity, to be calculated for each test speed.  This total movement time inherently includes the acceleration of the dynamometer crank arm to the predetermined isokinetic velocity, and the deceleration of the crank arm toward the end of each repetition.  An external focus was shown to be beneficial only at 60o·s-1, where the total movement time was 2.10sec (1.68sec isokinetic).  This movement time in joint flexion was reduced to 0.93sec (0.44sec isokinetic) at 180o·s-1, and reduced further again to 0.80sec (0.20sec isokinetic) at 300o·s-1. The increased movement speed inevitably reduces the movement time over a standardised range of motion.  The findings suggest that movements of <1sec are not effected by an externally directed focus.  Lohse (2012) suggests a critical role for attention in the regulation of human movement, but this might apply only to movements performed at a certain speed, and/or over a certain duration.  Movements completed at high speeds, and/or with durations of <1sec are most likely executed using automatic processes, with little opportunity for slower conscious control.  Further research is advocated to determine whether the threshold speed/duration is influenced by factors such as movement complexity.  
The finding that an internal focus of attention was associated with increased muscular activity at each speed supports the proposal that such a focus results in greater neuromuscular ‘noise’ when compared to an external focus of attention (Lohse et al., 2010; Marchant et al., 2007; Vance et al., 2004; Wulf et al., 2010; Zachry et al., 2005).  As there were no significant differences in force production observed between attentional focus conditions, the findings suggests that the movements were still executed more efficiently under external instruction at a neuromuscular level.  For example, participants have been shown to be able to lift the same weight, but with lower muscular activity (Vance et al., 2004).  This confirms Wulf and Dufek’s (2010) conclusion that an external focus of attention results in greater maximum force production or similar forces are generated but with greater muscular efficiency. Such benefits may have importance for force maintenance and fatigue development, which has been shown to be sensitive to attentional focusing instructions (Marchant, Greig, Bullough, & Hitchen, 2011).  As such, these findings are in line with the constrained action hypothesis (Wulf et al., 2001) and previous work on movement efficiency promoted through an external focus (Wulf & Lewthwaite, 2010).
Given these observed effects at a muscular level and the findings from previous research, why would an external focus of attention not benefit maximum force production at the faster movement speeds (180o·s-1 and 300o·s-1)?  We propose a number of potential explanations.  In high-velocity force production movements, large accelerations are observed early in the concentric phase (e.g., Cronin, MacNair, & Marshall, 2001; Elliot, Wilson, & Kerr, 1989; Newton, Kraemer, Häkkinen, Humphries, & Murphy, 1996) with larger forces generated through a small isokinetic range of movement, and relatively more time spent decelerating (Sakamoto & Sinclair, 2006).  Additionally, the force–velocity relationship dictates that as velocity increases, force decreases (Komi, 2000). Therefore, faster, more explosive forceful movements may limit the available opportunity for conscious control of movement in a way that is observable in movement outcome.  The constrained action hypothesis (e.g., McNevin et al., 2003) proposes that the benefits of an external focus are more pronounced for difficult or challenging tasks.  Such tasks offer greater degrees of freedom in movement and the opportunity for conscious intervention and control promoted through an internal focus.  Similarly, novices have few automatic processes to utilise during movement, which are often performed slower, resulting in greater opportunity for conscious control.  Highlighting these principles, Wulf et al. (2007) demonstrated an interaction between task difficulty and effectiveness of attentional focusing instructions during a postural stability task.  In easier conditions (solid surface), no beneficial effects of different attentional focuses was evident.  Whereas in more dynamic conditions (increased surface instability), an external focus of attention benefited postural stability.  To explain such effects, these researchers suggest that when the surface was stable, postural stability requires little voluntary correction.  With an unstable surface, the opportunity for conscious intervention and voluntary motor control and intervention in automatic postural control processes is greater.  Wulf et al. conclude that an external focus should therefore provide performance benefits in situations where opportunity for error is large and when there is more opportunity for conscious intervention.
When producing maximal force at the slower speeds, there is more opportunity for conscious control of movement, as well as more opportunity for error, due to the relatively prolonged nature of the task.  In this situation, an external focus promotes the use of more automatic processes (and directs attention away from conscious control of movement) to allow movements to efficiently produce maximum force.  However, at the faster movement speeds, the opportunity to intervene in the movement execution through conscious awareness of movement mechanics is greatly reduced.  These rapid forceful movements are performed reflexively and explosively, and the strategies employed here have not influenced force output. The influences upon muscular activity by the different instructional sets reported here may be viewed as potentially contrary to this observation.  However, previous research has shown that attentional focusing instructions have can have different effects on antagonist and agonist muscles (Lohse, Sherwood, & Healy, 2011) and research addressing jump-and-reach performance (Wulf & Dufek, 2009; Wulf et al., 2010) indicate that for maximal force production, the timing and direction of movements, contributing forces and muscular co-ordination needs to be optimal.  Therefore, what is not clear from the present findings is whether the differences in muscular activation reflect efficient or inefficient coordination of muscular effort.  In the present study a passive elbow flexion phase was used between maximal flexion efforts.  This passive movement required no muscular effort, designed to negate the increased complexity of co-contraction of the agonist and antagonist muscle groups.  The same speed (60o·s-1) was applied to this passive phase between reps for each movement speed, standardising the time between reps.  Lohse (2012) reported that an external focus reduced pre-movement time, and thus the use of a standard duration between movements might have influenced the efficiency of external focus at the higher test speeds.  In the present study the complexity of the movement might have been increased by the change in speed between elbow extension and flexion for the higher test speeds.  A comparison of prescribed and self-paced movement speeds warrants consideration, with previous research showing no influence of attentional focus on angular velocity or movement time during self-paced dart throws (Lohse, Sherwood & Healy, 2010).
The quality of instruction provided also requires consideration when interpreting the present findings.  Although the instructional approach used here effectively impacted upon movement quality in the present and previous research (Marchant et al., 2009) at slower speeds, it is possible that they did not effectively direct attention during faster movement execution.  Rather than suggesting that directing attentional focus is not important during faster movements, research needs to identify the qualities of instructions that may effectively influence attentional focus.  Subtle tailoring of instructions may well be task-, and in this case speed-dependent.  For example, Porter et al. (2010) demonstrated faster speeds through an “L” agility run associated with externally focused instructions.  Qualitative data indicated that participants focused attention onto movement speed (e.g., focusing on running speed itself), which was a component of both internal and external instructions in that study.  If movement speed is a critical task characteristic, it should potentially be incorporated into instructional approaches.  Indeed, in tasks which interact with the environment, distance of the emphasised external focus has been shown to be critical (e.g. stabilometer balance by McNevin et al. 2003; golf by Wulf et al., 2000).  Marchant (2011) has indicated that research to-date assessing attentional focusing instructions and force production has often operationalised attentional focuses differently, and consistency in manipulating attentional focuses during force production is required.  This is important given that verbal instruction and encouragement to increase muscular output are common practice (Campenella, Mattacola, & Kimura, 2000).  
The influence of expertise is a potentially important for the present findings, and research has yet to address the interaction between task expertise and attentional focus in force production settings.  The participants in the present study were relatively novice to the task (they were physically active, but not specifically trained for this movement), and would therefore exhibit less automatic resources to capitalise upon, and have a propensity for slower attentionally demanding movements (e.g., Fitts & Posner, 1967; Proctor & Dutta, 1995).  It is therefore possible that the faster speeds represented a limit to their performance in terms of force output.  Despite novices being shown to benefits from external instruction (Lohse et al., 2010; Marchant et al., 2007; Wulf et al., 2000, 2002), researchers have highlighted expertise as influencing the effectiveness of different attentional focuses (Perkins-Ceccato, Passmore, & Lee, 2003).  Other researchers have highlighted long-term benefits of externally focused training for novices (Ford, Hodges & Williams, 2005), therefore, research should address both how expertise, training approaches, and task characteristic interact for optimal force output development.  This is important given that Behm and Sale (1993a) have indicated that training adaptations of novices are predominantly neural, whereas strength-trained individuals exhibit muscular adaptations (McBride, Triplett-McBride, Davie & Newton, 2002).   
5.	 Conclusions
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Figure 1.  Sample isokinetic test data showing crank angle and angular velocity profile with associated net joint torque.
Figure 2.  Sample joint flexor torque and biceps brachii electromyographical data for 10 reps at each movement speed.
Figure 3.  The influence of attentional focusing instructions on peak EMG activity during the bicep curl at 60o·s-1, 180o·s-1  and 300o·s-1  (N = 24).  Data expressed as mean + SE.
Figure 4.  The influence of attentional focusing instructions on iEMG during the bicep curl at 60o·s-1, 180o·s-1  and 300o·s-1 (N = 24).  Data expressed as mean + SE.
Figure 5.  The influence of attentional focusing instructions on peak elbow flexor torque at 60o·s-1, 180o·s-1  and 300o·s-1 (N = 25).  Data expressed as mean + SE.

























​ EMBED Word.Document.8 \s ​Figure 6



​













